Abstract. The principal objective of the present study is to compute the thermodynamic performance of window air conditioner based on standard vapour compression refrigeration cycle using R22, R407C and nineteen refrigerant mixtures. In this work nineteen R290/R1270 blends at different compositions are developed. A MATLAB code is developed to compute the thermodynamic performance parameters of all the studied refrigerants at condensing and evaporating temperatures of 54.4 0 C and 7.2 0 C respectively. The performance parameters are cooling effect, compressor work, COP, compressor discharge temperature, power per ton of refrigeration and volumetric cooling capacity respectively. Analytical results revealed that COP of new binary mixture R290/R1270 (90/10 by mass %) is 2.82% higher among R22, R407C and nineteen studied refrigerants. Energy required by the compressor per ton of refrigeration for R290/R1270 (90/10 by mass %) is 2.73% lower among R22, R407C and nineteen studied fluids. The discharge temperature of the compressor for all the nineteen investigated blends are reduced by 6.0-8.9oC compared to R22. Overall thermodynamic performance of window air conditioner with R290/R1270 (90/10 by mass %) is better than R22 with significant savings in energy consumption and hence it is an energy efficient ecofriendly refrigerant mixture as a drop in substitute to R22.
Introduction
Hydrochlorofluorocarbon (HCFC) refrigerant R22 was extensivenly used in air conditioning as well as heat pump industries from past several years. Since R22 has better thermophysical and thermodynamic properties. But R22 contains ozone layer desctruction substance called chlorine. Therefore R22 was eventually phase out in all the developed nations by the year 2030 as per Monetreal protocal [1] [2] [3] . Till now no pure refrigerant is avialble to replace R22. Therefore it is essential to develop new ecofriendly refrigerant blends. Earlier several theoretical and expermintal investigations were carried to find an appropriate fluid to replace R22. From the past several years refrigerants R407C and R410A were the foremost substitues to R22 [4] . Theorotical results reported that R444B was a viable refrigerant to replace R22 [5] . Experimental results reported that R407C was a suitable retrofit candidate to R22 [6] . Experimental test was conducted in an air conditioner with R290 as a drop in refrigerant. Test results exhibited that performance of R290 was 2.8-7.9% higher than R22 [7] . Experimental tests revealed that the ternary refrigerant mixture R32/R125/R161 (15/34/51 by weight percentage) was suitable choice to replace R407C. Since COP of above mixture was better than R407C [8] . Experimental studies reported that performance of binary mixture R170/R290 (4/96 by mass %) was similar to that of performance of R22 [9] . A detailed review paper suggested that hydrocarbons and its blends were most suitable candidates to air conditioning and refrigeration sectors [10] . Experimental studies were conducted in a heat pump apparatus with R22 and binary blend R431A (R290/R152a 71/29 by mass %) used for heat pump and air conditioning applications. Test results exhibited that COP of R431A was 3.5 -3.8 % superior than R22 [11] . Performance tests were done in a heat pump equipment with R22 and binary blend R432A (R1270/RE170 80/20 by mass %) used for heat pump and air conditioning applications. Experimental results showed that performance of R432A was 8.5-8.7% superior than the R22 [12] . Experimental investigations were carried out in a heat pump device with R22 and binary blend R433A (R1270/R290 30/70 by mass %) used for heat pump and air conditioning applications. Test results revealed that performance of R433A was 4.9-7.6% superior than R22 [13] . The present study mainly focuses on finding an alternative refrigerant to replace R22. For this thermodynamic performance computation of nineteen refrigerant blends (R290/R1270) is carried out based on standard vapour compression refrigeration system.
Properties of refrigerants
In the present study apart from R22 and R407C, total nineteen refrigerant blends (R290/R1270) of various compositions are developed. All the nineteen binary refrigerant blends R290/R1270 (Refrigerants 2 to 20 as given in table 2) are closer to azeotropic in nature. Since their temperature glide is less than 0.5oC. A MATLAB code is developed to compute the thermodynamic properties of refrigerants like R22, R407C and R290/R1270 blends by using Martin-Hou equation of state [14] . Since thermodynamic properties of considered refrigerants are useful for the computation of thermodynamic performance of an air conditioner.
(1)
The computed properties of R22 and R407C shows good agreement with the experimental reported properties available in ASHRAE fundamental data hand book. The deviation of computed properties of R22 and R407C from that of ASHRAE is within 2 to 4% for the given operating conditions. Therefore the developed MATLAB code is reliable and hence it can be used for the development of thermodynamic properties of other new refrigerant blends. The properties of new refrigerants blends (R290/R1270) are not available in literature and hence they are not compared. However properties of refrigerant R290/R1270 blends are compared with REFPROP. The deviation of properties from that of REFPROP is within 1.5 to 4 % for the given working conditions. Hence the same developed thermodynamic properties are used in the thermodynamic analysis. The code followed for the refrigerants is given in table 1 and the basic physical and critical properties of R22, R407C and nineteen refrigerant blends (R290/R1270) taken from REFPROP is given below in table 2 respectively [15] . Computational thermodynamic analysis of R22, R407C and nineteen refrigerant blends (R290/R1270) is done based on standard vapour compression refrigeration cycle. The p-h diagram of corresponding cycle is shown in figure 1 [16] [17] . In this methodology the various pressure losses and heat losses or heat gains occurred at the various components of the system are ignored. The degree of superheating and subcooling can be taken as 5 o C respectively. In this study a MATLAB code is developed to compute the thermodynamic performance parameters of refrigerants at ARI conditions (Tk=54. 
Mathematical computations
The mathematical computations involved in the thermodynamic analysis of for the considered refrigerants are given below.
Refrigerant mass flow rate is computed by (2) Isentropic compressor work is computed as
Refrigerating effect (Cooling effect) is calculated as (4) . Coefficient of performance (COP) is calculated as (5) Energy (Power) consumption by the compressor per ton of refrigeration is computed by (6) Volumetric cooling capacity is calculated as (7) The compressor discharge temperature (Td) is computed using superheated property tables and interpolating for the degree of superheat corresponding to the entropy difference. 
Results and discussions
The results and discussions of various performance parameters of R22, R407C and nineteen refrigerant blends (R290/R1270) are given below. Figure 2 shows the cooling effect (refrigeration effect) of various refrigerants blends. Referring to figure 2 it is noticed that refrigeration effect of nineteen refrigerant blends R290/R1270 (2 to 20) are higher than the R22 and R407C. This is due to high latent heat of vaporization of refrigerants when compared to R22 and R407C. Figure 3 shows the work input required by the compressor for the various refrigerant blends. From the figure 3 it is observed that the compressor work of all the nineteen investigated refrigerant mixtures (2 to 20) are higher than the R22 and R407C. This is due to high vapour enthalpy of the refrigerant blends compared to R22 and R407C. Figure 4 shows the coefficient of performance of various studied refrigerants. COP is measured as an index of energy efficiency of the device charged with specific refrigerant. COP is the ratio of refrigeration effect to the compressor work. From the table 3 it is noticed that both cooling (refrigeration effect) effect and compressor work increase for all the nineteen investigated refrigerant blends. Therefore combined effect of cooling effect and compressor work of these refrigerants on coefficient of performance may be either increases or decreases or remains same which depends on the type and composition of the refrigerant blend and also on the working conditions of the device. From the figure 4 and table 3 it is clear that the COP of new binary refrigerant blend R290/R1270 (90/10 by mass %) is 2.82 % higher among R22, R407C and nineteen studied refrigerants.
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While introducing the new refrigerant blend into the equipment the consistency and lifespan of compressor motor should be studied. This can be achieved by computing the compressor discharge temperature of new refrigerants. Referring to figure 5 it is noticed that compressor discharge temperature of all the nineteen investigated refrigerants (2 to 20) are reduced by 6.0-8.9oC when compared to R22 and R407C. This is due to lower adiabatic index of refrigerant blends. Hence all the nineteen studied fluids exhibits better reliability and lifespan of compressor motor. Figure 6 shows the power (energy) spent by the compressor per ton of refrigeration for various studied refrigerants. It denotes the electrical energy required to the compressor to produce per ton of refrigeration. Referring to figure 6 it is observed that electrical energy spent by the compressor per ton of refrigeration for the refrigerant blend R290/R1270 (90/10 by mass %) is 2.73 % lower among R22, R407C and nineteen investigated refrigerants. This is due to type and composition of refrigerants and also due to operating conditions of the given device. Figure 7 shows the volumetric cooling capacity of various refrigerant blends. Volumetric capacity depends on density of vapour refrigerant and cooling effect of the given fluid. It indicates the cooling capacity per unit volume of refrigerant vapour at the evaporator outlet. And also it denotes the volume of refrigerant handled by the compressor for the given fluid. From the figure 7 it is evident that volumetric cooling capacity of all the nineteen investigated refrigerants are closer to that of volumetric capacity of R22. Hence same size of compressor can be used for all the nineteen fluids as that of R22 with little modifications. 
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